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Introduction 
In the normal heart, the electrical impulse arising from the sinus node is conducted to the ventricles 
via the atrioventricular (AV) node, bundle of His, and bundle branches (Klabunde, 2012) (Figure 1).  
The normal operation of this specialised system ensures that every impulse from the sinus node is 
conducted to both ventricles in a rapid and efficient manner (Marieb and Hoehne, 2015).   
Unfortunately, this process of impulse conduction is not normal in every individual.  The cardiac 
conduction system is subject to the same disease processes that impair the function of other parts of 
the heart, and the result is a range of conduction disturbances (Chow et al, 2012).  Impulses from the 
sinus node may fail to conduct through the atria, may be delayed in their journey through the 
conduction system, or may fail to arrive in the ventricles at all.  Conduction may be normal through 
one bundle branch, but be blocked in the other (Garcia, 2015).  All of these conduction problems are 
referred to as ‘blocks’, although their effect on heart rate, rhythm, and patient well-being vary 
considerably.      
In this fourth article of the British Journal of Nursing’s ECG Interpretation Series, we examine the 
conduction blocks commonly encountered in clinical practice, and discuss how they can be 
recognised on the electrocardiogram (ECG).  As with the previous article in this series (Sampson, 
2016), we also place each block in context by briefly considering why it occurs, its clinical 
significance, and any treatment that might be necessary.      
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Figure 1. The cardiac conduction system: sites of conduction block include the sinoatrial (SA) node, 
atrioventricular (AV) node, and the left and right bundle branches. 
 
Rhythm evaluation 
We have discussed systematic rhythm evaluation in a previous article (Sampson and McGrath, 2015).  
Readers may wish to refresh their memories of this information before reading further.  For 
convenience, we have reproduced the key steps in Box 1.   
 
Rhythm evaluation questions 
1. Is the rhythm regular? 
2. Is the heart rate between 60 and 100 beats per minute? 
3. Are there upright P-waves, and are they all the same shape? 
4. Is there one P-wave in front of each QRS complex? 
5. Is the PR interval normal (3 to 5 small squares?) 
6. Is the QRS complex narrow (less than 3 small squares wide?) 
 
Box 1. Key steps in systematic rhythm evaluation 
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Sinoatrial block 
The sinus node is a relatively large structure, divided into functionally different areas.  The electrical 
impulse arises in one part of the node, and is conducted through the surrounding nodal tissue 
before reaching the atrial myocardium.  Conduction block occurring in this surrounding tissue will 
prevent the impulse from exiting the sinus node (Monfredi et al, 2010).  This phenomenon is 
referred to as sinoatrial block, or sinus exit block.  Because the non-conducted beats do not reach 
the main body of the atria, no P-wave is generated.  The electrical impulse does not arrive at the AV 
node, and is not conducted to the ventricles, so there is no QRS complex or T-wave either (Aehlert, 
2011).  On the ECG, this results in a single missed beat in an otherwise regular rhythm (figure 2).  
Because the sinus node is still firing regularly, the pause is a multiple of the usual cycle length.  For 
example, if the sinus node is firing once every second, the pause will be two seconds if a single 
impulse is blocked (Houghton and Gray, 2014).   
A similar pause occurs if the sinus node fails to fire at all.  This is referred to as sinus arrest (figure 3).  
The pause produced by sinus arrest is variable in length, and does not correspond with cycle length 
as it does in sinoatrial block (Hampton, 2013).  Otherwise, the two problems are very similar in ECG 
appearance.   
Sinoatrial block and sinus arrest occur most commonly in older people, often in association with 
related disorders such as sinus bradycardia, chronotropic incompetence, and paroxysmal atrial 
fibrillation or flutter.  Collectively, these problems are referred to as sick sinus syndrome (Ewy, 
2014).  The most common cause of sick sinus syndrome is age related degeneration of the sinus 
node, resulting in fibrosis or ion-channel dysfunction, although it may also be due to coronary heart 
disease (Monfredi et al, 2010).  Its symptoms include dizziness, loss of consciousness, palpitations, 
breathlessness, and exercise intolerance (Jensen et al, 2014).  Permanent pacemaker implantation is 
necessary in symptomatic individuals, especially if there is a history of syncope (Bennett, 2013).   
 
 
 
Figure 2. Sinoatrial block.  The pause is exactly 2 cycle lengths.  
 
 
Figure 3. Sinus arrest.  The pause is around 3.5 cycle lengths 
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Escape beats and rhythms 
If sinoatrial block or sinus arrest result in a long enough pause, a subsidiary pacemaker in the AV 
junction may fire.  This is referred to as an escape beat (Bennett, 2013).  Figure 4 shows a junctional 
escape beat that occurs following a sinus pause.   Because the escape beat arises in the AV junction, 
the electrical wavefront travels upward through the atria instead of downward.  This results in an 
inverted P-wave that may occur before or after the QRS, depending on conduction times and the 
location of the subsidiary pacemaker.  In many cases, as in figure 4, the P-wave occurs at the same 
time as the QRS, and is therefore hidden by it.  The QRS is narrow because conduction to the 
ventricles is normal (Aehlert, 2011).   
Escape beats are a normal back up feature of the heart, and ensure that prolonged asystole does not 
occur (Klabunde, 2012).  If the sinus node fails entirely, an escape rhythm from the AV junction will 
usually take over.  This is referred to as junctional rhythm, and appears as a series of junctional 
escape beats (figure 5).  The rate is usually slow, as pacemakers in the AV junction fire more slowly 
than those in the sinus node (Jowett and Thompson, 2007).  The ECG features of junctional rhythm 
are 
 A regular rhythm, often between 40 and 60 beats per minute 
 P-waves are either inverted, or hidden by the QRS 
 The QRS is narrow 
 
If a complete block in conduction occurs lower in the conduction system, for example in the AV 
node, a subsidiary pacemaker below the level of the block usually ensures that the ventricles 
continue to depolarise.  If the subsidiary pacemaker is within the bundle of His, the resulting escape 
rhythm will have a narrow QRS.  If it is in the bundle branches or Purkinje fibres, the QRS will be 
broad.  Subsidiary pacemakers in the lower parts of the conduction system are much slower than 
those in the AV junction, and are more unreliable.  If they fail, asystole occurs (Bennett, 2013). 
 
 
Figure 4. Sinus pause followed by a junctional escape beat. 
 
 
Figure 5.  Junctional rhythm.  In this example, there is an inverted P-wave before the QRS. 
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Atrioventricular blocks 
AV blocks occur when conduction between the atria and ventricles is delayed, intermittently 
blocked, or fails completely.  Unlike sinoatrial block, the electrical impulse exits the sinus node 
normally and is conducted through the atria, creating a P-wave on the ECG (Vogler et al, 2012).  
Conduction failure occurs further down the system, in the AV node, bundle of His or bundle 
branches.  On the ECG, the effects of AV block can be seen in changes in the PR interval, in P-waves 
that are not followed by QRS complexes, or in complete electrical dissociation of the atria and 
ventricles (Hampton, 2013).  Based on the degree of conduction block, AV blocks are classified as 
first-, second- or third-degree in nature (Chow et al, 2012).   
 
First-degree AV block 
In first-degree AV block, the electrical impulse is delayed on its journey from the sinus node to the 
ventricles.  It is not, therefore, a block at all but rather a form of conduction delay (Aehlert, 2011).  
Most commonly, the delay occurs within the AV node, however slow conduction through the atria or 
His-Purkinje system may also be responsible (Vogler et al, 2012).  On the ECG, first-degree AV block 
is characterised by prolongation of the PR interval (figure 6).  In every other respect the rhythm is 
normal, and can easily be mistaken for normal sinus rhythm (Houghton and Gray, 2014).  The key 
ECG findings are therefore  
 A regular rhythm with a normal P-wave in front of every QRS 
 A long PR interval (>200 milliseconds or 5 small squares) 
 The PR interval is the same for every beat 
 The QRS is narrow unless ventricular conduction block is present (e.g. bundle branch block) 
First-degree AV block does not affect the heart rate or rhythm, and does not generally cause 
symptoms.  It is often considered benign, and is a normal finding in young people and athletes, in 
whom it is usually due to high vagal tone (Bennett, 2013).  Early research into first-degree AV block 
supports this benign view, demonstrating a low rate of progression to higher degrees of block, and 
no increase in mortality (Packard et al, 1954; Mymin et al, 1986).  However, these findings were 
recently challenged by Cheng et al (2009) who point out that the early studies were based on 
healthy young men, and are not generalizable to a wider population.  Their study, which followed 
7575 people over five decades, found that individuals with first-degree AV block at baseline were 
twice as likely to develop atrial fibrillation, and three times as likely to need permanent pacing.  
Mortality rates were also moderately increased (Cheng et al, 2009).    
 
 
Figure 6. First-degree AV block.  The PR interval is 340 milliseconds. 
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Second-degree AV block 
In second-degree AV block, there is intermittent conduction between the atria and ventricles.  In 
other words, some impulses are conducted through the electrical system successfully, while others 
fail to conduct.  On the ECG, this results in some P-waves that are not followed by QRS complexes.  
Second-degree AV block is further subdivided into two distinct types according to ECG appearance: 
Mobitz type-I, or Wenckebach, and Mobitz type-II.  There are prognostic differences between these 
types of second-degree block (Aehlert, 2011).   
 
Mobitz type-I (Wenckebach) 
In Mobitz type-I, conduction from the sinus node to the ventricles becomes progressively slower 
with each beat, until an impulse fails to conduct at all.  On the ECG, this results in progressive 
lengthening of the PR interval until a P-wave is not followed by a QRS complex (figure 7).  After the 
dropped beat, the PR interval returns to its shortest length before starting to lengthen again. The 
dropped beats make the rhythm regularly irregular (Houghton and Gray, 2014).  The ECG findings in 
Mobitz type I are therefore: 
 There are more P-waves than QRS complexes 
 The PR interval gets longer with each beat, until a P-wave is not followed by a QRS 
 After a dropped beat, the PR interval ‘resets’ and the cycle starts again 
 The rhythm is regularly irregular (areas of regular rhythm are separated by dropped beats) 
 The QRS complex is narrow, unless there is concurrent bundle branch block. 
Like first-degree AV block, Mobitz type-I may be caused by slow conduction within the AV node.  In 
young, healthy people this is a normal finding at night, and is caused by high vagal tone.  In older 
people, and during the day, Mobitz type-I is less likely to be harmless, and more likely to be caused 
by damage to the distal conduction system.  In this case, it carries a similar prognosis to Mobitz type- 
II (Bennett, 2013). 
 
 
Figure 7. Mobitz type-I. The PR interval lengthens progressively until a beat is dropped. 
 
Mobitz type-II 
Mobitz type-II is also a form of intermittent heart block.  Unlike type-I, however, there is no 
progressive slowing of conduction prior to a dropped beat (figure 8).  In conducted beats, the PR 
interval remains constant (Hampton, 2013).  On the ECG, its key features are: 
 There are more P-waves than QRS complexes 
 The PR interval does not changes from beat to beat 
 Some P-waves are not followed by QRS complexes 
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 The rhythm is regularly irregular 
 The QRS may be narrow, but is often broad. 
Mobitz type-II is usually due to conduction failure within the bundle branches, and is a more sinister 
finding than Mobitz type-I.  There is a significant risk that it will progress to third degree heart block 
(Vogler et al, 2012).   
 
 
Figure 8. Mobitz type-II. The PR interval is constant.  Note the frequent dropped beats, and broad 
QRS complex.  
 
Second-degree AV block with 2:1 conduction 
Second-degree AV block may occur in a pattern where every other beat is blocked, resulting in 2:1 
conduction to the ventricles (figure 9).  So is this Mobitz type-I or Mobitz type-II?  It is impossible to 
say.  The key feature that separates the two types of second-degree AV block is the progressive 
lengthening of the PR interval in type-I.  In 2:1 block, we have only one PR interval to examine before 
conduction fails.  Thus, we cannot say whether the PR interval is getting longer (Aehlert, 2011).  This 
leaves us with a certain amount of prognostic uncertainty.  Bennett (2013) suggests that 2:1 block 
with a broad QRS is likely to be type-II, and should be treated as such.   Further testing, for example 
Holter monitoring, may be useful in determining which type of block is present (Vogler et al, 2012).  
 
 
Figure 9. Second-degree AV block with 2:1 conduction.  The QRS complex is narrow.  
 
Third degree (complete) AV block 
Third-degree AV block is also referred to as complete heart block.  It occurs when there is no 
conduction between the atria and ventricles.  Impulses arise in the sinus node as normal, and are 
conducted through the atria, creating regular P-waves on the ECG.   Every impulse is blocked in the 
conduction system, however, and none arrive in the ventricles.  In most cases, a subsidiary 
pacemaker below the block starts to fire, resulting in a slower ventricular escape rhythm.   The QRS 
complexes may be broad or narrow, depending on the level of the block, and therefore the site of 
the subsidiary pacemaker (Garcia, 2015).   
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On the ECG, third-degree heart block appears as a regular rhythm (figure 10).  There are regular P-
waves, however these have no relationship with the QRS. In effect, there are two rhythms 
superimposed on each other; one from the sinus node, and one from the ventricles (Hampton, 
2013).  P-waves may distort T-waves or QRS complexes, or may be hidden by them.  Mapping out 
the P-wave rhythm with a piece of paper can be useful in predicting where P-waves should be.  The 
key ECG features of complete heart block are: 
 P-waves are regular, but may be superimposed on the T-waves or QRS complexes 
 QRS complexes are also regular, and occur at a slower rate than the P-waves 
 There is no relationship between the P-waves and the QSR complexes 
 The QRS may be narrow if the block is within the AV junction, but broad if it is lower down 
Complete heart block is the most alarming of the AV blocks, and warrants immediate assessment 
and treatment because of the risk of haemodynamic compromise and cardiac arrest (Pitcher and 
Nolan, 2015).   
 
 
Figure 10. Third degree AV block.  Note the regular P-waves and QRS complexes.  There is no 
association between them.  The QRS is wide, and the rate slow.  There is a P-wave buried in the 
third T-wave. 
 
Causes and treatment  
As discussed above, high vagal tone may account for first-degree or Mobitz type-I AV blocks in 
younger, healthy people, in which case no treatment is required.  In older people, these lower level 
AV bocks may be due to age related degeneration of the conduction tissues, or structural heart 
disease.  Nonetheless, treatment is not generally necessary unless significant bradycardia is 
documented, and the patient is symptomatic (Bennett, 2013).  In the acute setting, first-degree 
heart block and Mobitz type-I can occur during myocardial infarction (MI), in which case there is a 
risk of progression to higher degrees of block.  These patients should be closely monitored (Aehlert, 
2011).   
Mobitz type-II and complete heart block are never benign findings.   Both can cause significant 
bradycardia or result in sudden cardiac death as a result of asystole.  As with sick sinus syndrome, 
idiopathic degeneration of the conduction system is a common cause, accounting for around 50% of 
cases (Vogler et al, 2010).  Rarely, AV blocks occur as an isolated congenital abnormality, but more 
often are found in association with congenital heart disease or acquired disorders such as coronary 
heart disease, endocarditis and cardiac surgery (Tunaoglu et al, 2010).  Drugs that alter cardiac 
conduction, for example beta-blockers, may also precipitate heart blocks, as may electrolyte 
disturbances and hypoxia (Fogoros, 2007).  AV blocks are also a common complication of MI (Hreybe 
and Saba, 2009).   
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In the acute setting, any patient with second- or third-degree AV block should be assessed using an 
A-to-E approach, and placed under regular observation with continuous ECG monitoring.  A 12-lead 
ECG should be recorded (Swift, 2013).  Severe bradycardia is possible, which can cause significant 
haemodynamic compromise.  Initial treatment in this case is atropine, given intravenously in 500 
microgram doses, and repeated every three to five minutes to a maximum of 3 grams (Pitcher and 
Nolan, 2015).  If atropine fails to increase the heart rate, temporary pacing should be initiated.  
Transcutaneous pacing may be tried initially, although it is not always successful, and is painful for 
the patient (Swift, 2013).  A temporary transvenous pacing wire, placed via the femoral, brachial or 
jugular vein, is a more reliable alternative, but insertion requires advanced skills that are not 
available in every practice setting (McNaughton and Davison, 2013; Sharma et al, 2012).  Transfer to 
a more specialised setting may be necessary. 
In the longer term, patients who remain in Mobitz type-II or third-degree AV block will need 
permanent pacing.  This may be delayed in acute conditions, such as MI, if there is a chance that 
normal conduction will return with recovery.  Otherwise, a pacemaker should be implanted without 
delay, given the risk of collapse or sudden death (Bennett 2013).   
 
Bundle Branch Blocks 
A bundle branch block occurs when conduction through either the left- or right-bundle branch fails 
entirely.  Because conduction continues normally in the other branch, every impulse from the atria is 
conducted to the ventricles.  Thus, unlike the AV blocks, bundle branch blocks do not cause a change 
in heart rhythm (Houghton and Gray, 2014).  To understand how they affect the appearance of the 
12-lead ECG, we need to think about conduction through the ventricles, and how this creates the 
normal pattern of QRS complexes in the precordial leads. 
 
R-wave progression 
In the normal conduction system, the electrical impulse is rapidly conducted to every part of both 
ventricles by the bundle branches and extensive network of Purkinje fibres.  This results in efficient 
distribution of the electrical impulse, and a narrow QRS complex (Klabunde, 2012).  It also creates a 
particular pattern of QRS complexes that we associate with a normal 12-lead ECG.  Let’s look at this 
normal pattern in the precordial leads. 
Figure 11 shows leads V1 to V6 from a normal 12-lead ECG.  You can see that V1 has a small initial 
upwards deflection (an R-wave) followed by a deep downward deflection (an S-wave).  As we move 
across the precordium towards V6, the R-wave grows in size, usually reaching its greatest height by 
V5.  In contrast, the S-wave gradually diminishes in size.  This normal pattern is referred to as ‘R-
wave progression’.  The ‘transition’ point at which the R-wave exceeds the S-wave is usually 
between V3 and V4 (Garcia, 2015).   
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Figure 11. Normal R-wave progression 
 
To understand why the QRS complexes change this way, we need to consider several important 
concepts.  Firstly, an electrical wavefront moving towards a lead creates a positive ECG deflection, 
while one moving away creates a negative one.  Secondly, although the depolarisation wave travels 
through the heart in many directions, the largest wavefront will dominate the ECG, and dictate the 
orientation of the ECG complexes.  The left ventricle has much thicker walls than the right, and 
therefore generates more electricity.  The predominant direction of the depolarisation wave is 
therefore towards the left, away from V1 and towards V6, as shown in figure 12 (Hampton, 2013).  
 
 
Figure 12. R-wave progression in context. 
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Abnormal ventricular depolarisation 
In bundle branch blocks, only one ventricle is depolarised normally.  The other ventricle has to wait 
for the electrical impulse to spread across from the other side of the heart, through the muscle cells.  
This is much slower than depolarisation via a normal conduction system, and hence the QRS 
complex widens.  This abnormal depolarisation also changes the normal pattern of QRS complexes 
on the ECG, most obviously in the precordial leads (Bennett, 2013). 
Figure 13 shows a typical example of right-bundle branch block (RBBB).  The first thing to note is the 
width of the QRS complex.  This is around 140 milliseconds, or three and a half small squares.  In QRS 
width, small differences are important so this is abnormally wide.  If we look at the precordial leads, 
we can see that the R-wave progression is also abnormal, with a very tall R-wave in V1 and V2.   The 
QRS complex in these leads has an RSR pattern, which is sometimes described as M-shaped, or like 
rabbit ears (Aehlert, 2011).  The QRS goes upward (R-wave) then drops back (S-wave) before 
climbing again (another R-wave).  If we look across at the left-sided precordial leads, and particularly 
at V6, we see a wide S-wave following the R-wave.  Both the RSR in V1 and/or V2, and the wide S-
wave in V6, are characteristic features of RBBB (Surawicz et al, 2009).  The final thing to note is the 
T- wave inversion in the right precordials (V1 to V3).  T-wave inversion, and ST-segment 
abnormalities, are also common features of bundle branch blocks (Garcia, 2015).  
 
 
Figure 13. Right-bundle branch block.  Note the RSR in V1/V2, and wide S-wave in V6.  The QRS is 
broad. 
 
Figure 14 shows left-bundle branch block (LBBB).  The QRS is again wide, and in this example is over 
170 milliseconds (more than four small squares).  Superficially, the R-wave progression appears 
more normal than in RBBB.  We start out with a small R-wave and deep S-wave in V1 as you would 
expect, however there is no growth of the R-wave as we move through V2 and V3, and the S-waves 
remain deep and wide.  There is a sudden transition to a positive QRS in the left sided precordial 
leads.  The upright QRS complexes in V5 and V6 are short, stumpy, and notched.  These are typical 
findings in LBBB (Kumar et al, 2013).  If you look at the QRS in V6 you can see that the QRS is also 
monophasic – it is all R-wave, with no preceding q wave.  The upright QRS complexes in the left 
precordials also have inverted T-waves.  These are also common findings (Garcia, 2015).  Box 2 
compares the principal features of left and right bundle branch block.   
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Figure 14. Left-bundle branch block.  Note the deep S-waves in V1-V3, and notched, monophasic R-
wave in V6.  The QRS is broad. 
 
 Right bundle branch block Left bundle branch block 
QRS width > 120 milliseconds > 120 milliseconds 
V1 / V2 RSR pattern 
T-waves often inverted 
Deep S-waves 
V6  Wide S-wave Tall, monophasic R-wave  
T-waves often inverted 
 
Box 2. Comparison of left- and right-bundle branch blocks 
 
Some people find the mnemonic “William Marrow” helpful in remembering bundle branch blocks.  
William has two Ls in the middle, and represents LBBB.  The W is the wide, deep S-wave in V1, and 
the M is the stumpy and notched R-wave in V6.  Marrow, with its two Rs in the middle, is RBBB.  The 
M is the RSR in V1, and the W at the end is the wide S-wave in V6 (Houghton and Gray 2014). 
 
Causes and treatment 
The left-bundle branch is a much more extensive structure than the right, and receives a blood 
supply from both the left and right coronary arteries (Josephson, 2010).  Although LBBB may be 
caused by age related degeneration of the conduction system, more often it results from disease 
processes affecting the left ventricle.  These include hypertension, valvular heart disease, 
cardiomyopathy, myocarditis and coronary heart disease (Kumar et al, 2013).  Any patient 
presenting with previously unknown LBBB should therefore be evaluated for an underlying cause. 
Unlike AV blocks, bundle branch blocks do not cause bradycardia or asystole, so do not generally 
require emergency treatment.  There are, however, a number of clinical scenarios in which LBBB 
influences treatment.  The first of these is suspected MI.     
The ECG is an important tool in the assessment of patients presenting with a history of chest pain.  
Abnormalities in the T-waves and ST-segments are suggestive of ischaemia, and are diagnostic in ST 
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elevation MI (Steg et al, 2012).  These changes may be masked by the ST and T-wave abnormalities 
that normally occur in LBBB (Bennett, 2013).  In a patient with chest pain and LBBB, it is often 
unclear whether ECG changes are due to ischaemia, or simply the result of conduction block, and in 
clinical practice less than half of these patients are found to have an occluded coronary artery (Jain 
et al, 2011; Kontos et al, 2011).  Various criteria to differentiate normal LBBB from ischaemic LBBB 
have been suggested, of which the Sgarbossa is the most widely evaluated (Sgarbossa et al, 1996).  
Unfortunately, although this criterion has a high specificity, its sensitivity is low, meaning that 
patients who are in fact having an infarct may be missed (Tabas et al, 2008).  As a result, current 
guidelines do not suggest its use, and instead recommend prompt percutaneous coronary 
intervention (PCI) in any patient who presents with new LBBB and a history consistent with acute MI 
(Steg et al, 2012).   
The second situation in which LBBB has particular clinical relevance is heart failure.  Delayed 
depolarisation of the left ventricle results in mechanical dyssynchrony.  In other words, the right 
ventricle contracts before the left.  This reduces the efficiency of the heart, and lowers cardiac 
output (Kumar et al, 2013).  In people with well-preserved ventricular function, this has limited 
significance.  In patients with heart failure and poor ejection fraction, it can cause a critical decline in 
pump function, and increased symptoms (O’Donovan, 2009).  People with heart failure and reduced 
ejection fraction, complicated by LBBB, often derive symptomatic benefit from cardiac 
resynchronisation therapy.  In this treatment, a biventricular pacemaker is implanted so that both 
ventricles can be paced simultaneously (National Institute for Health and Care Excellence, 2014).    
The right-bundle branch is a long, slender structure, with a blood supply from the left coronary 
artery only.  It is more prone to damage than the left bundle branch, and thus RBBB is a more 
common finding on the ECG (Josephson, 2010).   Pathological causes of RBBB include coronary heart 
disease, congenital heart disease (especially Ebstein’s anomaly and atrial septal defect), and 
pulmonary embolus (Houghton and Gray, 2014).  Unlike LBBB, RBBB is also found in otherwise 
normal hearts, in which case it is often considered a benign finding (Bennett, 2013).  A recent study 
has suggested that this is not always the case.  Bussink et al (2013) demonstrated a 30% increase in 
mortality in people with RBBB but no known heart disease at initial evaluation.  The increase in 
mortality was attributed to the later development of cardiovascular disease, suggesting that RBBB 
may be an early marker of disease in some individuals.    
 
Incomplete bundle branch block 
In incomplete bundle branch block, conduction down one bundle branch is delayed but not 
completely blocked (Houghton and Gray, 2014).  This results in the characteristic features of RBBB or 
LBBB, but the QRS complex remains relatively narrow at between 100 and 120 milliseconds 
(Surawicz et al, 2009).  Houghton and Gray (2014) suggest that the causes of incomplete bundle 
branch block are the same as those of complete bundle branch block.  Bussink et al (2013), however, 
suggest that incomplete right bundle branch block is usually benign.  It was not associated with 
increased mortality in their study.   
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Conclusion 
Both congenital and acquired disease can cause abnormalities in cardiac conduction, leading to 
conduction blocks.  In some cases, they also occur in the absence of identifiable disease.  Block may 
occur in the sinus node, AV junction or bundle branches, resulting in a range of ECG abnormalities.  
Careful evaluation of both heart rhythm, and QRS morphology across the precordium, is necessary 
for their identification.  Some blocks, such as first-degree AV block, are relatively benign, while 
others have the potential to cause severe haemodynamic compromise or cardiac arrest.  Systematic 
clinical assessment, and appropriate monitoring, are therefore just as important as skills in ECG 
interpretation.  Nurses must also have a working knowledge of the emergency treatment of 
bradycardia to care for these patients safely.  For practitioners working in autonomous roles, 
recognising the relationship between conduction blocks and heart disease is also important from a 
screening standpoint. 
This article concludes our review of the first step in ECG interpretation; the evaluation of rate, 
rhythm and intervals.  We will be returning to bundle branch blocks in two months’ time, when we 
discuss the cardiac axis and hemiblocks.   Next month, we turn our attention to the next step in our 
system of interpretation; evaluating the ECG for signs of pre-excitation.   
 
Key points 
 Conduction blocks can occur in all parts of the conduction system, causing a variety of ECG 
changes.  They may be congenital, acquired, idiopathic, or physiological.  Age related 
degeneration of the conduction system, and coronary heart disease, are common causes. 
 
 Sinoatrial block occurs when the electrical impulse is unable to leave the sinus node.  It results in 
a pause on the ECG, and is often found in conjunction with other features of sick sinus 
syndrome.  A permanent pacemaker is required in symptomatic patients. 
 
 Atrioventricular (AV) blocks occur when the impulse is delayed or blocked in the AV node, 
bundle of His or bundle branches.  It may be first-, second- or third-degree in nature, depending 
on whether the electrical impulse is delayed, intermittently blocked, or always blocked. 
 
 First-degree, and Mobitz type-I AV blocks may be benign, especially in younger people and at 
night.  In older people, they are more often pathological, and in the acutely unwell person can 
rapidly progress to higher degrees of block. 
 
 Mobitz type-II and third degree AV block are associated with bradycardia and asystole, and may 
cause haemodynamic compromise or cardiac arrest.  Systematic patient assessment is essential, 
followed by emergency treatment if necessary.  This may include atropine and/or temporary 
pacing.  In the longer term, permanent pacing is often required. 
 
 Bundle branch blocks do not affect heart rate or rhythm, but are often markers of underlying 
heart disease, especially in the case of left bundle branch block (LBBB).  LBBB may also indicate 
acute myocardial infarction, requiring primary percutaneous coronary intervention.  In heart 
failure, LBBB may cause mechanical dyssynchrony.  This can be treated with resynchronisation 
therapy.   
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